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PROBLEM
¥
,V To provide a management tool for establishing depot overhaul require-
k. ments for combat vehicles in balance with vehicle use, overhaul capacity, and
i float quantities.

FACTS

A sample of new-generation combat vehicles, in USAREUR since delivery
from manufacturer, is under current RAC study for examination of replacement
and maintenance policies. This sample consists of 615 M60 tanks, 554 M113
armored personnel carriers, and 77 M88 tank~-recovery vehicles.

On the basis of a previous RAC study* the Army had planned to overhaul
combat vehicles after 3000 miles and before 4000 miles of use. As rhileage
on the new vehicles has accumulated about twice as fast as on the older models,
many are nearing or have passed 3000 miles of use. The current study or other
circumstances may suggest a change in the plan.

DISCUSSION

Scheduling depot overhaul at a specific mileage introduces problems of
programming, budgeting, and facility planning. Weighing a number of alter-
native actions is required to achieve satisfactory solutions.

In the process of investigation the five hasic elements of the problem
were svmmarized as follows: (a) accumulatec use at time of overhaul, (b) rate
of vehicle use, (c) overhaul float, (d) duration of overhau!, and (e) overhaul
capacity. Duration of overhaul is the total elapsed time from the vehicle’s
removal from use in the fleet to its return. Overhaul float is the number of
vehicles required to be added to the in-use fleet to replace those removed
for the duration of overhaul.

Using the concept of the five basic elements a formula was developed (in
App A) that measures the interrelation of these elements. Inthe systemrepre-
sented, accumulated use is uniformly distributedover the use interval before

*Research Analysis Corporation, “Operation, Maintenance, and Cost Experiencs of the Task, Armored
Personnel Carrier, and Self-Propelled Howitser Vehicle Fleets (U)," RAC-T-409, Sep 62. SECRET
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overhaul. If the distribution wyre not uniform, overhaul requiraments could
exhibit peaks and valleys, but mileage distributic * of the 2464 tari sample under
study shows approximate uniformity. Thus there seemc iittle advantsge ir gea-
erating quantities of tables and figures describing posoibie ci.unging effects.

Simply put, the formula is bascd on a line ¢f reascriayg of wkich the foilow-
ing is an example:

A tank with a rate of use of 209 miles per month tkat is to be permitted
accumulated use of 3000 miles befcre overhaul will be overhauled after 15
months. For 1000 tanks i use, required average cverhaul capacity would
ther be 66% tanks per month. If tu2 duration of overhaul ie 9 wmonths the over-
haul float requirement would be 6% x 9 or 600 tanks.

Utilizing the fcrmul~. the appendix records calculated values for selected
points for each of the five ¢!smeanta (see App A, Table Al). Thesc valucs are
shown graphically in Figs. 1 and 2. [Figure 1 showe the relations of the re-
malining four elements when the »-zumuiated-use facior is estabiished at 3000
miles; Fig. 2 shows similar comonwriions for 4000 miles. Vse of these graphs
is illuatrated as follows:

If it is planned to overhaul a venirle flest alter 3000 miles of accomulated
use, Fig. 1 is selected. The first ji=muting fa2tor may be considered to be that
the fleet is utilized about 90 miles per v:unin. To maintaia this rate of utiliza-
tion the required overhaul cavpacity per mosth per 1006 venicles jn use can be
read from the right vertical scale 2* the poiat opposite 90. In this cage the
balancing overhaul capacity is 3C. If requirad, utilization rate and overhaul
capacity may be brought into bziance by adjusting either. If neither wdjustment
is feasible, the balance may be restored by extending the accumulated use be-
fore overhaul. Thus, in Fig. 2, where the sanie relaticns are shown on the
basgis of overhaul at 4000 miles, the balancing overhaul capacity is reduced to
22 rather than 30.

If this is acceptable the next step is to determine the duration of overhaul,
which is essential to measurement of the overhaul float requirements. Table 1
shows how the duration of overhaul can be estimated.

TABLE 1
ESTIMATED DURATION OF OVERBAUL

- —

Action Time, months

Vehicle withdrawn from snit aed < 2sombled at o

collection poiat for shipmeat 1.0
Shipped from collection poiat to ovarhaul depot 0.5
Inspacted, cuote estiwated, parts ordered, ov.d

eatry to cverh.eul awaited 3.0
Time speat overhavling vehicle 0.5
Shipping-ou: ordere aweited 8.0
Shipped to distribution poiat 0.s
leaned to wait e.s

Total 9.0
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If this hypothetical 9-month estimate is used as the duration of overhaul
on the horizontal scale and a 90-mile-per-month use rate is used on the left
vertical scale, with overhaul at 4000 miles (Fig. 2), the overhaul float per 1000
vehicles in use can be read at the intersection of a horizontal line from 90 on
the left vertical scale and of a vertical line from 9 on the horizontal scale. In
this example the overhaul float would be 200.

The basic merit of the figures is the ease with which the effect of limit-
ing factors can be studied in relation to other factors of the problem. While
new vehicles from production are available surh production quantities can he
used in Figs. 1 and 2 as the equivalent of (i.e., instead of) overhaul capacities,
provided it is understood that such action leaves an equivalent number of ve-
hicles that have not been overhauled at the mileage point selected.

The figures also illustrate the degree to' which imbalance in overhaul
capacity cau be burizd in what the figures designate as “overhaul float,” but
which could be called “pipeline for overhaul.® However, although the numbers
are the same, the vehicles are different in the overhaul float and in the pipe-
line for overhaul. In the example based on Fig. 2, a 9-month pipeline contain-
ing 200 vehicles needs an overhaul capacity of only 22 vehicles per month to
maintain balance; if this capacity is halved and the vehicles that would have
been overhauled accumulate in the pipeline, in 9 months this increase would
be 99 (9 months’ slippage times 11). This wculd only increase the pipeline
and overhaul float quantities 50 percent.

The penalty paid for unbalanced overhaul capacity is this: If capacity is
too low, either vehicles are held in use beyond the overhaul point until balance
occurs, or unserviceables are accumulated indefinitely at a rate which is the
difference between the actual and balancing capacity. If capacity is too high
during some period,part of the capacity will be unused.

Both figures illustrate two important points: First, for implementation
of a policy based on overhaul after a set use interval, overhaul capacity should
be balanced with use. Temporarily such balance can be secured by receipts
of new vehicles from production if such are available. Second, over short
periods of time neither overhaul capacity nor time consumed by the overhaul
itself is an important contributor to a requirement for overhaul float. Re-
quirements for overhaul float are caused by duration of overhaul. The detailed
means of reducing the duration of overhaul are beyond the scope of this paper;
they are many and varied. To name only a few:

Overhauling nearer user to reduce in-transit time.

Prepositioning and advance delivery of parts.

Tighter scheduling of vehicle turnaround from user to depot to user.

By use of the formula in App A the values for any se* of assumptions
can be computed. However, values estimated by inspection of Figs. 1 and 2
are considered sufficiently accurate for planning purposes.




SUMMARY

CONCLUSION

Figures 1 and 2 may serve as a tool for preliminary planning of depot
overhau! capacity in relation to vehicle utilization. They demonstrate the in-
evitable relation among accumulated use at overhaul, rate of use, overhaul
float, duration of overhaul, and overhaul capacity.




N

TS o T 8 ¢

Appendix A
COMPUTATIONS
ASSUMPTIONS 11
METHOD 11
TABLE
Al. RELATION OF OVERHAUL INTERVAL TO OTHER OVERHAUL REQUIREMENTS PER
1000 IN-Use VEHICLES 12




ASSUMPTIONS

Vehicles have two states: in use with the fleet or out of use in overhaul;
fleet mileage is distributed uniformly. Mean overhaul float requirements
D depend on vehicle utilization u, milés per month; mileage at overhaul M;
duration of overhaul A, months; and density of the in-use fleet supported N,
1000 vehicles.

METHOD

First estimates of overhaul float requirements may be derived by modi-
fication of an existing steady-state model of availability potential B, Availability
petential is defined as B = 1/(1+ k1)), where k = rate of entry into overhaul per
vehicle per month. With overhaul entry controlled by vehicle mileages, k be-
comes a function of the vehicle use rate. The total fleet is of a size R, and
BR =N. Hence R=N(1+k)).

Therefore the nverhaul float requirements are

1
D=R(1-PB) = N(1+h A)(l-m)- NkA
Since the vehicle use rate is u miles per month, k = u/M . Making this
substitution in the formula above

D-N_IIA“ A-!xg
M N u

By definition, overhaul capacity C= D/A. This formula was applied to the
development of the data in Table Al, in which M is 3000 miles in the top half,
and 4000 miles in the bottom half, and the other terms are as defined above
in “Assumptions.”

The representative values in Table Al, top half and bottom half, have
been used as plot points for the construction of Figs. 1 and 2, respectively,
in the *Summary.”

11



e s 2 ARG S 8t

b LR T,

=

TR

TanLE Al

RELATION OF OVEREAUL INTERVAL TO OTUER OVERBAUL. REQUIRRMENTS

PER 1000 In-Usz VEEICLES
(A = duration of overhaxl, months; C = ovechanl capacity, vehicles per month)

Fleet Overhanl float requiresents D
otilization .
u, miles D=1 D=2 D= 50 D= X0 D= 200 D=3%0 | D=400 | D=500
prmoath |\l el lclafcfalelalel ajelalelale
Overhaul at 3000 Miles

16 3 3.3 75 33 18 33 = o e - e e - e - -
25 1.2 83 3 83 6 8.3 12 — me e em em e wm e .
50 06 167 15 167 3 167 6 - 12 -— e e em e —

75 04 25 1 25 2 5 4 - 8 - 12 —-— = e eme -
100 03 33 0.7 33 15 33 3 - 6 -9 -_ 12 - - -
125 0.2 42 0.6 42 12 42 2.4 @2 483 42 7.2 42 96 42 -~ —
150 0.2 50 05 50 1 50 2 50 4 SO 6 SO 8 50 10 SO
178 0.2 58 04 S8 09 S8 1.7 58 3.4 58 5.1 58 69 58 846 S8
200 01 —~ 04 — 07 67 1.5 67 3 67 4.5 67 6 61 78 67

Overhaul at 4000 Miles

10 4 25 10 25 = = - e e e em em e wm wm -
25 16 62 4 62 8 62 16 62 — — = - - _m - -
50 08 125 ¢ 125 4 1285 8 125 16 128 — = = = - =

75 0.5 19 13 19 26 19 5319 106 )19 _ e e e = -
100 04 25 1 25 2 B 4 2B 8 23 12 25 _— o = -
125 03 31 0.8 31 16 31 3.2 31 64 31 96 31 128 81 -
150 03 38 0.7 38 1.3 38 26 38 53 38 8 38 1068 38 - —
175 0.2 4 0.6 M4 11 44 23 4 46 4 69 %1 4 114 M4
200 0.2 50 0.5 50 1 50 2 S0 4 SO 6 50 8 8§ 10 S0
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